Strenuous physical activity is known to generate reactive oxygen species to a point that can exceed the antioxidant defense system and lead to oxidative stress. Dietary intake of antioxidants, plasma enzymatic (superoxide dismutase, glutathione reductase [Gr], and glutathione peroxidase [GPx]) activities, nonenzymatic (total antioxidant status [TAS], uric acid, -tocopherol, retinol, -carotene, -carotene, lycopene, and lutein + zeaxanthin) antioxidants, and markers of lipid peroxidation (thiobarbituricacid-reactive substances [TBARS]) and muscle damage (creatine kinase [CK]) were measured in 17 elite male kayakers and canoeists under resting conditions and in an equal number of age-and sex-matched sedentary individuals. Athletes showed increased plasma values of -tocopherol (p = .037), -carotene (p = .003), -carotene (p = .007), and superoxide dismutase activity (p = .002) and a lower TAS level (p = .030). Antioxidant intake (-tocopherol, vitamin C, and -carotene) and plasmatic GPx, Gr, lycopene, lutein + zeaxanthin, retinol, and uric acid levels were similar in both groups. Nevertheless, TBARS (p < .001) and CK (p = .011) levels were found to be significantly higher in the kayakers and canoeists. This work suggests that despite the enhanced levels of antioxidants, athletes undergoing regular strenuous exercise exhibited more oxidative stress than sedentary controls.
physiologic adaptations that enhance antioxidant defenses and could minimize oxidative stress both in resting conditions and in response to acute exercise (Ørten-blad, Madsen, & Djurhuus, 1997; Selamoglu, Turgay, Kayatekin, Gönenc, & Yslegen, 2000) . It has been found that aerobic (Marzatico, Pansarasa, Bertorelli, Somenzini, & Della Valle, 1997; Palazzetti, Richard, Favier, & Margaritis, 2003; Selamoglu et al.) and anaerobic (Marzatico et al.; Ørtenblad et al.) training induce enhanced activity of antioxidant enzymes, mainly of superoxide dismutase (SOD) and glutathione-peroxidase (GPx; Marzatico et al.; Ørtenblad et al.) . Thus, athletes generally exhibit an up-regulation in enzyme activity in comparison with untrained participants (Evelson et al., 2002; Robertson, Maughan, Duthie, & Morrice, 1991) . The published data on the impact of training in nonenzymatic antioxidants are not in agreement, with some studies (Brites et al., 1999; Cazzola, RussoVolpe, Cervato, & Cestaro, 2003; Evelson et al.) but not all (Balakrishnan & Anuradha, 1998) showing an increase in plasma concentrations that could result from mobilization from tissue pools (Balakrishnan & Anuradha; Brites et al.) . Consequently, individuals who train regularly may exhibit overall improved antioxidant status and protection against oxidative stress compared with healthy sedentary individuals (Cazzola et al.; Selamoglu et al.) .
Those adaptations might not be sufficient, however, to absolutely cope with the increase in pro-oxidant events during very intense physical activity (Lekhi, Gupta, & Singh, 2007; Marzatico et al., 1997; Selamoglu et al., 2000) . If the generation of reactive oxygen species (ROS) overwhelms the antioxidant capacity of tissues to detoxify them, eliciting oxidative stress, these highly reactive molecules can attack proteins, DNA, and, especially, lipids (Banerjee et al., 2003) . It has been reported that intense training produces a decrease in antioxidant status and an increase of lipoperoxidative damage (Gougoura et al., 2007) . The lipid peroxidation of polyunsaturated fatty acids in the sarcolemma can compromise its integrity, resulting in leakage of muscle-derived enzymes into the blood. In fact, lipid peroxidation appears to be an important mechanism underlying exercise-induced muscle damage and delayed-onset muscle soreness (Robertson et al., 1991) . Oxidative stress has been shown to influence factors that adversely affect exercise performance, such as reduced immune function, muscle damage, and fatigue (Watson, MacDonald-Wicks, & Garg, 2005) . Moreover, athletes subjected to strenuous training may have difficulty maintaining optimal plasma vitamin levels even when consuming the recommended dietary reference intakes (Balakrishnan & Anuradha, 1998) . The aim of the current study was to compare dietary intake of antioxidants, antioxidant status, lipid peroxidation, and muscle damage of a group of elite kayakers and canoeists with those of sex-and age-matched sedentary individuals.
Materials and Methods

Participants
Seventeen elite male athletes in regular training and 17 sedentary male controls were enrolled in the study. Athletes were kayakers (n = 15) and canoeists (n = 2), members of and candidates for the Portuguese Kayaking and Canoeing National Team. The study was conducted in a week in June when the athletes were on the team campus engaged in training for the World Championship. The controlled physical training consisted of 12 sessions per week lasting approximately 1-1.5 hr each (~15 hr/week), comprising on-water drills (n = 9), weight training (n = 2), and aerobic running (n = 1). All athletes had a short (50-min) skills-training session the day before the experiment. The age-matched control participants had a sedentary lifestyle and had not practiced formal physical exercise for more than 1 hr/week during the preceding 3 months. All participants had a body-mass index <30 kg/m 2 and were healthy (self-reported) nonsmokers, were not taking nonsteroidal anti-inflammatory medication or anabolic drugs, and had not used antioxidant supplements for at least 3 months, as recommended by Mastaloudis, Morrow, Hopkins, Devaraj, and Traber (2004) . Informed consent was previously obtained from all participants (or their parents, if they were under 18 years of age).
Dietary Intake
To estimate average energy and nutritional intake, participants recorded their dietary intake during 4 consecutive days, one being a weekend day. A trained nutritionist gave detailed verbal and written instructions about proper dietary recording. A full description of foods and fluids consumed was requested, including the brand names of packaged food, cooking or processing methods, and food items and ingredients added during preparation. Participants estimated the amount of food or fluids consumed by referring to the weight or volume information provided on food package or by using standardized household measures. They were instructed to continue their habitual dietary intake during this period and to avoid omitting and replacing foods that were hard to record or that they felt they should not be eating (Ballew & Killingsworth, 2002) and to abstain from beverages containing alcohol or caffeine for at least 24 hr before blood draws. Dietary-record information was converted to energy and nutrients using ESHA Food Processor 8.0 for Windows (Salem, OR, USA). This program was supplemented with information for composite dishes, commercial foods, and sports foods whenever reliable nutritional composition data could be obtained. Unfortunately, this software package does not provide estimates of -carotene, lycopene, lutein, and zeaxanthin intake. Another limitation is that vitamin A is reported as retinol equivalents instead of retinol activity equivalents, the latter being recently recommended (Food and Nutrition Board & Institute of Medicine [FNB], 2000b) . The estimated nutritional intake was assessed in reference to the Food and Nutrition Board's dietary reference intakes (FNB, 2000a) . For nutrients with established estimated average requirements (EAR), the prevalence of inadequacy was calculated as the proportion of athletes whose intakes were below the EAR; for nutrients without EARs, we compared the mean intake of the group with adequate intake (FNB, 2000a) .
Physical Activity and Estimated Energy Expenditure
Participants recorded all their physical activities in 15-min intervals in activity diaries over a 4-day period. Athletes were also asked to detail the type, duration, and intensity of their training-session activities. The estimate of the energy expenditure for each recorded activity was calculated by multiplying the amount of time spent in that activity by the corresponding metabolic equivalents, according to the intensity reported by participants (Ainsworth et al., 2000) . Total energy expenditure was the sum of energy expenditure calculated for each activity. Physical activity level was determined by dividing total energy expenditure by the basal metabolic rate calculated with the Cunningham equation, which has been shown to be the best prediction equation for basal metabolic rate for athletes (Thompson & Manore, 1996) .
Body Composition and Anthropometry
Participants' standing height and weight (lightly dressed and barefoot) were measured using a calibrated Seca stadiometer and electronic scale (model 701, UK) with precisions of 0.5 cm and 100 g, respectively, according to the internationally recommended methodology (Frisancho, 1990) . Thereafter, body-mass index was calculated.
Skinfold thicknesses were measured at four sites (biceps, triceps, subscapula, and iliac crest) using a Harpenden caliper (John Bull, UK), and body-fat percentage was calculated using the formula suggested by Siri (1961) .
Blood Collection and Handling
Antecubital venous blood samples (10 ml) were collected at rest between 8 and 9 a.m. by a trained phlebotomist after the participants had fasted overnight (8-12 hr). Blood samples were drawn into EDTA-treated Vacutainer tubes and nonadditive serum Vacutainer tubes and immediately placed on ice in the dark until centrifugation. An aliquot of whole blood was separated to measure hematocrit and hemoglobin. An aliquot of the whole blood in serum tubes was immediately centrifuged for total antioxidant status (TAS) analysis and the remaining blood allowed to clot for 30 min, at room temperature, and then centrifuged at 2,000 rpm for 10 min for serum separation. To obtain the plasma fraction, the remaining whole blood in EDTA-containing tubes was immediately centrifuged. Erythrocytes were washed and centrifuged three times with a 0.9% sodium chloride solution and lysed with ice-cold distilled de-ionized water. Serum, plasma, and washed erythrocytes were separated into several aliquots and frozen at -80 °C for later biochemical analysis. Samples were analyzed in duplicate, and the mean value was used for statistical analysis. A major limitation of the current study is that, because of technical problems, ascorbic acid was not measured.
Biochemical Analysis
Hemoglobin and hematocrit were assessed from EDTA-treated blood using an automated analyzer (Horiba ABX Micros 60, ABX Diagnostic, Montpellier, France).
The concentrations of cholesterol and triglycerides in plasma and lipoprotein subfractions were determined by enzymatic colorimetric assays (Kit 07 3680 5 for triglycerides and 07 3664 3 for cholesterol, Hoffman-La Roche, Basel, Switzerland) in an autoanalyzer (Cobas Mira, Hoffmann-La Roche). LDL cholesterol was calculated by means of Friedewald's equation.
Uric acid was determined by an enzymatic method at 550 nm using a commercial kit (Horiba ABX A11A01670, ABX Diagnostic, Montpellier, France) according to the manufacturer's specifications.
Serum TAS was measured spectrophotometrically using a commercial kit (Randox NX2332, Randox, Crumlin, UK). In brief, the assay is based on the reduction of free radicals [2,2′-azino-di-(3-ethylbenzothiazoline-6-sulphonate) ABTS •+ ], measuring the decreased absorbance at 600 nm. The radical cation ABTS •+ is formed by the interaction of ABTS with ferrylmyoglobin radical species generated by the activation of metmyoglobin with hydrogen peroxide. The suppression of the absorbance of the radical cation ABTS •+ by plasma antioxidants was compared with that from Trolox. Samples were expressed in antioxidant capacity in millimoles per liter of Trolox equivalents.
Enzyme activities were analyzed according to the standard spectrophotometric-colorimetric procedures provided with the commercial kits in a Cobas Mira Plus analyzer (Roche Diagnostic Systems, Switzerland) at 37 °C. Whole-blood GPx activity was determined spectrophotometrically using cumene hydroperoxide as the oxidant of glutathione (Ransel RS 505, Randox, Crumlin, UK). The oxidized glutathione is immediately reduced to glutathione by glutathione reductase, with a concomitant oxidation of NADPH to NADP + . GPx activity was measured by the decrease in absorbance at 340 nm and expressed in U/L. The plasmatic activity of glutathione reductase was measured by monitoring the oxidation of NADPH to NADP + during the reduction of oxidized glutathione (Ransel GR 2368; Randox, Crumlin, UK) and expressed in U/L. A value of 10 U/L was considered the detection limit. Cu,Zn-SOD activity was measured in washed erythrocytes after lysis using a commercial kit (Ransod SD 125, Randox, Crumlin, UK). For this purpose, xanthine and xanthine oxidase were used to generate superoxide anion, which reacts with 2-(4-iodophenyl)-3-(4-nitrophenol)-5-phenyltetrazolium chloride to form a red formazan dye. SOD activity was calculated by assessing the extent of inhibition of the reaction, based on the change in absorbance over 3 min at 505 nm, and data from the standard curve generated from purified SOD obtained from the manufacturer. SOD activity was expressed in U/g Hg.
Plasma liposoluble vitamins were extracted with n-hexane, after protein precipitation with ethanol, using -apo-carotenal and tocol as internal standards (Rousseau et al., 2004) . The chromatographic analyses were performed with HPLC (Jasco, Japan) on a Chromolith performance RP-18 column (100  3 mm, Merck), using methanol and acetonitrile (50:50) as mobile phase. Lutein (coeluting with zeaxanthin), -carotene, -carotene, and the carotenoids' internal standard (-apo-8′-carotenal) were quantified at 450 nm, retinol at 325 nm, and lycopene at 425 nm, using a diode-array detector. -Tocopherol quantification was based on the fluorescence readings (ex, 290 nm; em, 330 nm), using tocol as the internal standard.
Serum creatine kinase was determined at 37 °C using a commercially available method (Roche Products, UK) and an automated system (COBAS Mira Plus, Roche Diagnostic Systems, Switzerland).
The determination of thiobarbituric-acid-reactive substances (TBARS) in serum was performed using a commercial kit (Oxi-tek TBARS assay kit, Zeptometrix Corp., Buffalo, NY) according to the manufacturer's instructions. Briefly, serum (100 µl) was mixed with an equal volume of 8.1% sodium dodecyl sulfate and 2.5 ml of 5% thiobarbituric acid/acetic acid reagent. The sample was incubated at 95 °C in capped tubes for 60 min and thereafter cooled to room temperature in an ice bath for 10 min before being centrifuged at 3,000 rpm for 15 min.
The supernatant was removed, and its absorbance was read at 532 nm. The results are expressed as malondialdehyde equivalents by interpolation from a malondialdehyde standard curve (0-100 nM/ml).
Data and Statistical Analysis
All results are expressed as M ± SD. Data were statistically analyzed using SPSS 13.0 (Chicago). All the data were tested for their normal distribution with the onesample Kolmogorov-Smirnov test. Comparisons between the two groups were made using an independent-sample t test for parameters with normal distribution and a Mann-Whitney nonparametric test (U test) when data did not follow the Gaussian distribution (namely for -carotene, energy-adjusted -carotene, and iron intakes). Correlations between variables were carried out with Pearson's or Spearman's tests depending on data distribution. Differences were considered significant at p < .05 in the bilateral situation.
Results
Demographic, anthropometric, and biochemical characteristics of study participants are presented in Table 1 . Athletes and controls were of similar age and height. Athletes were heavier (p = .012) and leaner (p = .001) and had a higher body-mass index (p = .004) than their sedentary counterparts. Muscularity, particularly of the arms and trunk, is a major contributor to successful kayaking and canoeing performance at a high level (Humphries, Abt, Stanton, & Sly, 2000) . LDL-cholesterol level was significantly higher in the control participants (p = .049), but no statistically significant difference was observed in the other parameters between groups. The estimated energy expenditure, basal metabolic rate, physical activity level, and nutritional intake of participants are displayed in Table 2 . Athletes had significantly higher energy requirements (p < .001), basal metabolic rates (p < .001), and physical activity levels (p < .001) than controls. Accordingly, the estimated energy intakes were significantly higher in the athletes (p < .001).
Nutritional analysis showed that macronutrient (p < .001 for protein, fat, and carbohydrate intake) and cholesterol intakes (p = .004) were significantly greater in athletes than in the control group. However, all of these differences lost their statistical significance when adjusted for energy intake, except for the percentage Note. EI = energy intake; RE = retinol equivalents.
of energy ingested as fat (p = .014), which was lower. Regarding micronutrients, a significantly higher intake of vitamin A, selenium, zinc, copper, iron, magnesium, and manganese (p < .001) was found in athletes. On the other hand, the two groups did not differ in vitamin antioxidant intake (vitamin C, -tocopherol, and -carotene). When micronutrient intake was adjusted for energy intake, only zinc (p = .014) and iron (p = .026) remained statistically significantly different, and the -tocopherol difference reached statistical significance (p = .045). The estimated prevalence of inadequacy was 100% for -tocopherol and 0% for selenium, zinc, copper, and iron in both groups. For vitamins A and C, and for magnesium, the estimated prevalences of inadequacy were 0% and 18%, 41% and 76%, and 18% and 82%, respectively, for athletes and sedentary individuals. There is probably a low prevalence of inadequacy for manganese in athletes, but we cannot evaluate controls' intake for this micronutrient because their mean intake was below the adequate intake. Table 3 presents antioxidant status, lipid peroxidation, and muscle-damage markers. None of the participants had plasma -tocopherol concentrations below the cutoff point for deficiency (9.3 mol/L). For -carotene, 1 athlete and 9 sedentary participants had plasma concentrations below 0.30 mol/L (Rousseau et al., 2004) . Athletes were found to have significantly elevated erythrocyte superoxide dismutase activity and -tocopherol, -carotene, and -carotene plasma concentrations. Even when -carotene, -carotene, and -tocopherol levels were adjusted for lipoproteins (Traber & Jialal, 2000) , the differences remained statisti- 
Discussion
It is well documented in the literature that training, either aerobic or anaerobic, if sufficiently long and intense, induces up-regulation in the activity of certain antioxidant enzymes that reduces the basal state of oxidative stress and strengthens the organism's antioxidant capacity for subsequent physical efforts (Finaud, Lac, & Filaire, 2006; Marzatico et al., 1997) . However, if athletes are chronically subjected to a strenuous training and competitive schedule (i.e., overtraining; Finaud, Lac, & Filaire), the excessive production of ROS could surpass the capabilities of the antioxidant system, thus inducing substantial oxidative damage. In line with this, we found that athletes exhibited higher levels of oxidative-stress and muscle-damage parameters at rest than untrained controls, despite showing increased plasma antioxidant levels. The levels of plasma antioxidants and the activities of antioxidant enzymes were within normal physiological ranges for the general population (WinklhoferRoob, van't Hof, & Shmerling, 1997) and for athletes (Aguiló et al., 2003; Rousseau et al., 2004) . In accordance with other studies, trained participants presented higher plasma levels of -tocopherol (Brites et al., 1999; Cazzola et al., 2003; Evelson et al., 2002; Lekhi et al., 2007; Watson, MacDonald-Wicks, & Garg, 2002; Watson et al., 2005) and -carotene (Watson et al., 2002 (Watson et al., , 2005 than controls. Data on other carotenoid concentrations in the plasma of athletes are very scarce (Aguiló et al.; Rousseau et al.) . In relation to untrained participants, we found an increase in plasma -carotene in athletes. Despite the discrepancies in plasma levels, athletes' intakes of -tocopherol and -carotene were not significantly higher than those of the controls, which is in agreement with what has been previously described (Cazzola et al.; Watson et al., 2002 Watson et al., , 2005 . The increment of athletes' plasma concentrations of fat-soluble antioxidant vitamins in resting conditions could be explained by the cumulative result of the repeated transient mobilization from adipose tissue along with triglycerides that occurs during acute exercise (Balakrishnan & Anuradha, 1998; Brites et al.; Cazzola et al.; Rousseau et al.) . We can also argue that plasma levels could not be truly reflective of tissue pools or that the increased availability of other antioxidants, such as SOD activity in the current study, could spare antioxidant vitamins (Watson et al., 2005) .
Exercise-induced changes in the redox status of tissues may initiate intracellular signal-transduction processes that trigger antioxidant protein expression (Cazzola et al., 2003) . It has been reported that regular exercise training causes an up-regulation of the activity of antioxidant enzymes at rest and immediately after exercise (Marzatico et al., 1997) , in an intensity-and duration-dependent manner (Evelson et al., 2002; Knez et al., 2007) . Our data indicated that plasma SOD activity was significantly augmented in the athletes when compared with controls, as has already been described by other authors (Balakrishnan & Anuradha, 1998; Brites et al., 1999; Evelson et al.; Lekhi et al., 2007; Marzatico et al.; Mena et al., 1991; Metin et al., 2003) . We found similar GPx activity at rest in our sample, in accordance with other studies (Chang, Tseng, Hsuuw, Chan, & Shieh, 2002; Ørtenblad et al., 1997; Palazzetti et al., 2003; Selamoglu et al., 2000; Watson et al., 2002) , although other findings have also been published, indicating either higher (Knez et al.; Marzatico et al.; Mena et al.; Robertson et al., 1991) or lower (Balakrishnan & Anuradha) activity levels. Contrary to the findings of Banfi et al. (2006) , we did not find any difference in the glutathione reductase activity in plasma of either group. The equivocal data reported in the literature on antioxidant enzyme activities could be linked to differences in the athletes' nutritional intakes and status; the type, intensity, and duration of their training program; or the biological material analyzed (Ørtenblad et al.; Watson et al., 2005) .
Although regular training may lead to raised serum uric acid levels (Finaud, Lac, & Filaire, 2006; Lekhi et al., 2007) , our athletes presented a nonstatistically significant tendency to have lower concentrations than their untrained counterparts, as has been described by others (Robertson et al., 1991) .
The lower uric acid levels seen in athletes could, at least partially, explain their lower TAS values in comparison with sedentary individuals, resembling the results obtained by other researchers (Gougoura et al., 2007; Watson et al., 2005) . The lower TAS in the athletes can also be explained by a lower plasma concentration of other antioxidants not measured in the current work (e.g., ascorbic acid) or increased ROS generation resulting from the intense physical-training program. Actually, it has been recognized that overtraining reduces TAS (Palazzetti et al., 2003) .
As mentioned previously, we found a strengthened antioxidant defense in kayakers and canoeists compared with sedentary participants, as has already been shown for runners, as well as soccer, basketball, and rugby players (Brites et al., 1999; Cazzola et al., 2003; Evelson et al., 2002; Metin et al., 2003; Pincemail et al., 2000; Robertson et al., 1991) . However, other studies have evidenced a low (Balakrishnan & Anuradha, 1998; Gougoura et al., 2007) or unchanged antioxidant status in athletes (Akova et al., 2001) . The increased levels of plasma antioxidant vitamins (-tocopherol, -carotene, and -carotene) and SOD activity observed in the current study were insufficient to counterbalance the rise in lipid peroxidation observed in the athletes. Although the authors in one study did not statistically compare both groups, it is noteworthy that higher SOD activity and lower GPx activity in erythrocytes have already been described in Polish Olympic kayakers, although plasma TBARS levels were quite similar to those of the untrained participants (Wozniak, Wozniak, Drewa, & Mila-Kierzenkowska, 2007) . A higher basal lipoperoxidation in athletes than in untrained participants was also previously found in other studies (Balakrishnan & Anuradha, 1998; Gougoura et al.; Lekhi et al., 2007; Marzatico et al., 1997; Mena et al., 1991; Santos-Silva et al., 2001) . Although this may suggest that the stress imposed by strenuous training exceeds the individual's increased capacity to detoxify ROS, several published studies failed to find a difference in the peroxidation status between athletic and nonathletic groups (Banfi et al., 2006; Chang et al.; Evelson et al.; Knez et al., 2007; Palazzetti et al., 2003; Robertson et al.; Rousseau et al., 2004; Watson et al., 2002) , or even describe lower oxidant damage in the former (Cazzola et al.; Knez et al.; Metin et al.; Selamoglu et al., 2000; Watson et al., 2005) .
The inconsistent results among studies that compared resting lipid peroxidation levels between trained and untrained individuals might be attributable to differences in the sports examined, the time athletes spent training, their training and nutritional status, and the biomarkers used to detect oxidative stress (Knez et al., 2007; Watson et al., 2005) . Despite TBARS being one of the most commonly studied markers to evaluate plasma pro-oxidant status, it has been criticized for a lack of specificity and sensitivity (Balakrishnan & Anuradha, 1998; Knez et al.) , and it would have been useful to determine another biomarker of lipid peroxidation, such as F2-isoprostanes (Gougoura et al., 2007) . Inconsistencies could also be related to the diverse circannual rhythms of this lipid peroxidation marker for untrained and trained participants (Balog et al., 2006) . Ice hockey players presented significantly lower TBARS in autumn than sedentary controls, whereas in spring (the season in which the current study was conducted) the effect was the opposite (Balog et al.) . The season with the highest TBARS concentration was summer for athletes and sedentary men, which could explain the relatively high concentration of TBARS that we observed in both of our groups. Furthermore, because the current study was performed near the end of the competitive period, the TBARS level could reflect an increase in lipid peroxidation through the season, as has already been observed in American football players (Schippinger et al., 2002) . Thus, the lower lipoperoxide levels exhibited by soccer players in the work of Cazzola et al. (2003) could be related to their competitive moment (preseason). This is consistent with data demonstrating that intense periods of training induce higher oxidative stress in rugby players (Finaud, Scislowski, et al., 2006) and triathletes (Palazzetti et al., 2003) . In the current work, athletes' TBARS levels were significantly elevated in comparison with controls under resting conditions, indicating a potential basal oxidative stress caused by daily training sessions. The permanent oxidative stress during the competition period, although not clinically overt, could translate into harmful effects on athletes, such as muscle damage and soreness, because an ROS mechanism might be involved (Robertson et al., 1991) . Actually, although the adaptation to training involves, to some extent, a degree of strengthening of antioxidant defense (as indicated by the increase of SOD activity in this study), intensive training could cause muscle cells to lose membrane integrity, with loss of intramuscular enzymes, even in highly trained athletes (Palazzetti et al.) . As it was expected from other studies' data (Evelson et al., 2002; Robertson et al.) , resting plasma creatine kinase activity, an indirect parameter of muscle damage, was significantly increased in athletes in comparison with controls.
Although training has strengthened the antioxidant capacity of kayakers and canoeists, they exhibited more oxidative damage than sedentary individuals did. Nevertheless, the lipid peroxidation did not increase and the antioxidant status did not decrease consistently over the course of the season (unpublished data). This leads us to theorize that the training load was enough to induce beneficial adaptations in antioxidant defense without, however, exceeding the threshold level of exercise above which antioxidant status is compromised, oxidative stress is chronic, and, therefore, antioxidant supplementation is required.
Conclusions
In conclusion, we report that elite kayakers and canoeists exhibited augmented lipid peroxidation and muscle damage despite having higher plasma antioxidant capacity at rest (SOD, -tocopherol, -carotene, and -carotene) than sedentary individuals. No difference in the dietary intake of those antioxidants was observed between groups.
